Introduction
GRBs are the farthest sources, seen up to redshift z = 9.46, and if emitting isotropically they are also the most powerful, (with E iso ≤ 10 54 erg s −1 ), objects in the Universe. In spite of the great diversity of their prompt emission lightcurves and their broad range spanning over 7 orders of magnitude of E iso , some common features have been identified from investigation of their afterglow light curves. A crucial breakthrough in this field has been the observation of GRBs by the Swift satellite which provides a rapid follow-up of the afterglows in several wavelengths revealing a more complex behavior of the X-ray lightcurves than a broken power law generally observed before [15, 23] . The Swift afterglow lightcurves manifest several segments. The second segment, when it is flat, is called the plateau emission. A significant step forward in determining common features in the afterglow lightcurves was made by fitting them with an analytical expression [25] , called hereafter W07.
This provides the opportunity to look for universal features that could provide a redshift independent measure of the distance. Dainotti et al. (2008 , using the W07 phenomenological law for the lightcurves of long GRBs, discovered a formal anti-correlation between the X-ray luminosity at the end of the plateau L X and the rest frame plateau end-time, T * a = T obs a /(1 + z), (hereafter LT), described as :
where T * a is in seconds and L X is in erg/s. The normalization and the slope parameters a and b are constants obtained by the D'Agostini fitting method [7] . Dainotti et al. 2011a attempted to use the LT correlation as possible redshift estimator, but the paucity of the data and the scatter prevents from a definite conclusion at least for a sample of 62 GRBs. In addition, a further step to better understand the role of the plateau emission has been made with the discovery of new significant correlations between L X , and the mean luminosities of the prompt emission, < L γ,prompt > [11] .
The LT anticorrelation is also a useful test for theoretical models such as the accretion models, [5, 6] , the magnetar models [12, 3, 4, 16, 17] , the prior emission model [18] , the unified GRB and AGN model [20] and the fireshell model [14] . Furthermore, it has been recovered within also other observational correlations [13, 24, 22] . Finally, it has been applied as a cosmological tool [1, 2, 21] . Here, we study an updated sample of 101 GRBs and we investigate whether the LT correlation is intrinsic or induced by cosmological evolution of L X and T * a , and/or observational biases due to the instrumental threshold. This step is necessary to cast light on the nature of the plateau emission, to provide further constraints on the theoretical models, and possibly to assess the use of the LT correlation as a model discriminator. In section 2 we describe the data and the results from correlation test carried using the raw data. In section 3 we use the EP method to determine the luminosity and time evolution corrections to finally determine the intrinsic correlation between L X and T * a .
Lightcurve Data and raw correlations
We have analyzed the sample of all GRB X-ray afterglows with known redshifts detected by Swift from January 2005 up to May 2011, for which the light curves include early X-ray data and therefore can be fitted by the W07 model. The source rest-frame luminosity in the Swift XRT bandpass, (E min , E max ) = (0.3, 10) keV at time T a , is computed from the Equation:
where D L (z) is the GRB luminosity distance * , F X is the measured X-ray energy flux and K = (1 + z) −1+βa is the so called K -correction for X-ray power law index β a [Evans et al. 2009, 9] . . The probability of the correlation (of the 101 long GRBs) occurring by chance within an uncorrelated sample is P ≈ 10 −18 . However, because both L X and T * a depend on redshift (L X increasing and T * a decresing with z) and the sample covers a broad redshift range all or part of the anticorrelation might be induced by these dependencies. It is therefore important to determine the extent of this effect and determine the true or intrinsic correlation. In addition any cosmological evolution in L X and/or T * a will affect the degree of the observed anti-correlation. The EP method uses a modified version of the Kendall τ statistic to test the independence of variables in a truncated data.
With this statistic, we find the parametrization that best describes the luminosity and time evolution. This means that we have to determine the limiting flux, F lim , which gives the minimum observed luminosity for a given redshift, L x = 4πD 2 L (z) F X K as shown in Fig. 2 . The nominal limiting sensitivity of XRT, F lim = 10 −14 erg cm −2 s −1 , is too low to describe the truncation of our sample, dashed line. This is because there is a limit in the plateau end times, T * a,lim = 242/(1 + z) s, right panel of Fig. 2 . Therefore, as pointed out by Cannizzo et al. 2011 this restriction increases the flux threshold to 10 −12 erg cm −2 . Therefore, taking into account the above minimum plateau end time we have investigated several limiting fluxes to determine a good representative value while keeping an adequate size of the sample. We have chosen the limiting flux F lim = 1.5×10 −12 erg cm −2 , shown by the red solid line, which allows 90 GRBs in the sample.
The first step required for this kind of investigation is the determination of whether the variables L X and T * a , are correlated with redshift or are statistically independent of it. For example, the correlation between L X and the redshift, z, is what we call luminosity evolution, and independence of these variables would imply absence of such evolution. The EP method prescribed how to remove the correlation by defining new and independent variables.
We determine the correlation functions, g(z) and f(z) when determining the evo- 
With the specialized version of Kendell's τ statistic, the values of k Lx and k T * a for which τ Lx = 0 and τ T * a = 0 are the ones that best fit the luminosity and plateau end time evolution respectively, with the 1σ range of uncertainty given by |τ x | ≤ 1. Plots of τ Lx and τ T * a versus k Lx and τ T * a are shown in Fig. 3 . With k Lx and k T * a we are able to determine the de-evolved observables T and T ′ a variables enable us to determine the intrinsic slope of the LT correlation, 1.07 and to establish that the correlation is significant at 12 σ level. With the EP method we are able both to overcome the problem of selection effects and to determine the intrinsic value of the slope, because we removed the induced correlation by observables due to the time evolution and luminosity evolution dividing the respective time and luminosity for the respective evolution functions. Therefore, the presented analysis, with the intrinsic value of the power law slope of the LT correlation, provides new constraints for physical models of GRB explosion mechanisms. With this new determination of the correlation power law slope we can discuss the consequences of these findings for GRB physical models.
